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ABSTRACT
Microlensing studies of quasars can reveal dark matter lumps over a broad mass spec-
trum; we highlight the importance of monitoring quasars which are seen through the
halos of low-redshift galaxies. For these configurations microlensing by planetary-mass
objects will manifest itself as isolated events which are only weakly chromatic. Sta-
tistical comparison of the observed optical depths with their theoretical counterparts
provides a strong test for a microlensing origin of such events. If microlensing is de-
tected, the light-curves can reveal not only the characteristic microlens masses, and
their corresponding contribution to dark halos, but also how compact the individual
objects are. In this way we can decisively test the possibility that the dark matter
associated with galaxies is composed principally of planetary-mass gas clouds.
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1 INTRODUCTION
Flux monitoring of quasars has provided evidence that the
dark matter might be composed of objects of planetary
mass, M <∼ 10
−3 M. This evidence comes from two types of
observations: optical variability that may be due to distant
gravitational microlenses (Irwin et al. 1989; Hawkins 1993;
Schild 1996); and radio monitoring data (Fiedler et al. 1987),
which show “Extreme Scattering Events” (ESEs), can be
sensibly interpreted as plasma lensing by cool clouds in the
Galactic halo (Walker & Wardle 1998). However, these data
can be interpreted in other ways (Wambsganss, Paczyn´ski
& Schneider 1990; Baganoff & Malkan 1995; Schmidt &
Wambsganss 1998; Romani, Blandford and Cordes 1987),
and the idea that dark matter takes the form of planetary
mass lumps is currently just an interesting suggestion. What
is needed now is to move away from suggestive evidence,
which has served its purpose in drawing attention to the
proposed picture, and towards some decisive observational
tests. Such tests have previously been contemplated (Press
& Gunn 1973; Gott 1981; Canizares 1982; Vietri & Ostriker
1983; Paczyn´ski 1986), with firm negative results for some
mass ranges (Press & Gunn 1973; Dalcanton et al. 1994;
Carr 1994; Alcock et al. 1998). However, all of these tests
admit the possibility of a substantial quantity of dark matter
residing in planetary-mass gas-clouds. In view of the quasar
monitoring data, observations designed specifically to inves-
tigate this particular mass range would be worthwhile. In
this paper we demonstrate that clean experimental tests are,
in fact, quite straightforward to arrange in respect of quasar
microlensing. The most important consideration is selection
of the sample of sources to be monitored; as described in
§2 and §3, these should be apparently close to low redshift
galaxies. In §4 we discuss the potential of such data for dis-
tinguishing between low-mass gas clouds and more compact
microlenses.
2 MICROLENSING AT LOW OPTICAL
DEPTH
The large-scale distribution of dark matter within a galaxy
can be approximated by an isothermal sphere, for which the





where σ is the line-of-sight velocity dispersion, and we have
neglected the possibility of a core in the density distribu-
tion. Suppose now that this surface density is entirely in
compact lumps of material (the meaning of “compact” will
be addressed in §3), then it follows that the optical depth










where Σc ' c
2/4piGDd is the critical surface density for
multiple imaging, and χ ≡ r/Dd, for a galaxy at distance
Dd. Here we have assumed that we are observing a distant
quasar behind a low-redshift galaxy. If, for simplicity, we
suppose that all large galaxies can be approximated as hav-






where χ is now expressed in arcseconds. From this we can
see immediately that any quasar which lies within, say, an
